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© Adaptive charge pump for phase-locked loops. 

© A method and apparatus for improving the 
performance of a phase-locked loop (50) are 
disclosed. A phase error between two signals 
(U/h,Uom) is sensed (in 100) and a temporary 
increase in the band width of the phase-locked 
loop is provided responsive to the sensed phase 
error. The phase-locked loop may comprise a 
charge pump (200) and the temporary increase 
in the bandwidth of the phase-locked loop may 
comprise a temporary increase in charge pump 
current. An increase in phase-locked loop 
band-width is followed by a decrease in the 
bandwidth responsive to a decrease in phase 
error. The decrease in bandwidth may comprise 
a decrease in charge pump current 
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of ordinary skill in the art that current sources control- 
led switches in the VCS 260 and the VS 220 may 
cor" "rise separate switches and sources, as presem- 
ec i Figures 3 and 4, or unified switched current 
sources. Whether separate or together as a single 
element such may be formed with field effect transis- 
tors using techniques well known in the art. 

Operation of the Illustrative Embodiment 



10 



Under steady-state (e.g., locked) conditions, the 
UP/DOWN logic signals from PFD 10 are infrequent 
and of short duration, if present at all. As a result, the 
duty cycle, DS, of signal S t from OR gate 225 is very 
small or zero (e.g., less than 1 0 percent). Switch 229 15 
w^ therefore remain open most of the time and cur- 
re^ rource 227 will be largely blocked. (Unoe* stea- 
dv -rite conditions, some conventional PFDs provide 
nerrcw UP/DOWN spikes from time to time; as will be 
appreciated by the ordinary artisan, these spies will 20 
net affect the fundamental operation of this embodi- 
ment.) At the same time, current source 233 is work- 
ing to pull charge from capacitor 231 via resistor 235 
at a rate of l 2 = Mn. Since 12 > I, xDS, the voltage 
across the capacitor, Uvs, is driven toward zero. The 25 
cc dition of Uvs - V th is sensed by the threshold logic 
c: ^erter 237, causing it to output a logical TRUE sig- 
nal. In response, inverter 239 provides a logical 
FALSE signal, U' V s. to switches 285 and 287 of VCS 
260. This FALSE signal causes the switches to open 30 
(or allows them to remain open). VCS 260 output cur- 
rent, l co , is therefore equal to 13, as provided by cur- 
rent source 265 or 275, when switch 290 or 292, re- 
spectively, is closed. 

As a result of significant variations in the refer- 35 
ence signal U,, or in the programmable values of M 
and N (e.g., resulting in loss of lock), significant UP- 
/DOWN logic pulse signals are produced. According- 
ly, the duty cycle, DS, of signal S 1 is large {e.g., great- 
er than 10 percent). Switch 229 will close whenever 40 
signal Si is TRUE. Each time switch 229 closes, cur- 
rent I, is allowed to flow and, as a result, charge is de- 
posited on capacitor 231. If the current \ A x DS (the 
rate at which charge is being deposited on the capac- 
itor) exceeds the current 12 (the rate at which charge 45 
is being drained from the capacitor), the voltage at 
node B, U V s. will be driven toward the supply voltage, 
Vdd. The condition of U vs > V th is sensed by the 
threshold logic of inverter 237, causing inverter 237 
to output a logical FALSE signal. In response, inverter so 
239 provides a logical TRUE signal, U' vs , to switches 
285 and 287 which close in response. During the time 
when switches 285 and 287 are closed and UP- 
/DOWN pulses are present, VCS 260 output current, 
lco. is equal to 13, as provided by current source 265 55 
or 275, plus l 4 , as provided by current source 270 or 
280. Responsive to increased output current, l co , the 
bandwidth of the PLL50 is increased thus enhancing 



its variation settling properties. 

As result of the VCO 400 adjusting its output 
signal to ;~duce the PLL50 phase error (between sig- 
nal U IN and output signal U 0M ) to a small, if not zero, 
level, the PFD 100 will cease generating significant 
UP/DOWN logic pulses. Absent such significant logic 
pulses, the voltage at node B of the VCS 260, Uvs, is 
driven toward zero by current source 233. The condi- 
tion of Uvs = V th is sensed by the threshold logic of 
inverter 237 causing it to provide a logical TRUE sig- 
nal as output. This signal is inverted by inverter 239 
to a logical FALSE signal causing switches 285 and 
287 to open. As a result, VCS 260 may provide output 
current equal to l 3 from sources 265 and 275, depend- 
ing on the presence of UP/DOWN logic pulses at 
switches 290 and 292, respectively. Responsive to 
this level of output current, the PLL 50 exhibits a re- 
duced level of phase jitter compared with that exhib- 
ited by the PLL 50 when its output current equals the 
sum of l 3 and l 4 . 



Claims 

1. In a phase-locked loop including a loop filter, an 
oscillator providing an output signal of the phase- 
locked loop, a phase detector, and a charge pump 
providing current to the loop filter, the current 
having a magnitude, a method of adjusting the 
bandwidth of the phase-locked loop, the method 
comprising the steps of: 

the phase detector sensing a phase error 
between a reference signal and the output signal 
of the phase-locked loop; 

the charge pump increasing the magni- 
tude of the current provided to the loop filter re- 
sponsive to the phase error sensed by the phase 
detector, and 

subsequent to increasing the magnitude of 
the current, the charge pump decreasing the 
magnitude of the current. 

2. The method of claim 1 wherein the charge pump 
increases and decreases the magnitude of the 
current by the same amounL 

3. The method of claim 1 wherein the step of the 
charge pump decreasing the magnitude of the 
current is performed in response to a decrease in 
sensed phase error by the phase detector. 

4. In a phase-locked loop including a loop filter, an 
oscillator, and a phase detector for detecting er- 
rors between a reference signal and an output 
signal of the loop, an adaptive charge pump for 
coupling to the phase detector and the loop filter 
in the phase-locked loop and for providing charge 
pump current to the loop filter, the charge pump 
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6. 



7. 



current having a magnitude, the adaptive charge 
pump comprising: 

a. a variation sensor for determining when the 
magnitude of charge pump current provided 

to the loop filter should be increased, the de- 5 
termination to increase the magnitude of 
charge pump current based upon a phase er- 
ror detected by the phase detector, and 

b. a variable current source, coupled with the 
variation sensor, for providing charge pump 10 
current to the loop filter and for providing 

1. an increase in the magnitude of charge 
pump current responsive to said determi- 
nation by the variation sensor, and 

2. subsequent to providing said increase, 15 
a decrease in the magnitude of charge 
pump current. 

The adaptive charge pump of claim 4 wherein the 
increase and decrease in the magnitude of 20 
charge pump current are equal. 

The adaptive charge pump of claim 4 wherein the 
variable current source provides a decrease in 
the magnitude of charge pump current respon- 25 
sive to a decrease in phase error detected by the 
phase detector. 

The adaptive charge pump of claim 4 wherein the 
variation sensor comprises: 30 
a capacitor, 

first current source means for producing a 
first current for use in charging the capacitor, said 
first current being provided responsive to a phase 
error detected by said phase detector, 35 

second current source means for produc- 
ing a second current for use in discharging the 
capacitor, and 

means for determining when the magni- 
tude of charge pump current should be increased 40 
responsive to a voltage across the capacitor. 



d. a variable current source for providing cur- 
rent to the loop filter, and for providing 

1. an increase in the magnitude of said 
current responsive to said determination 
by the variation sensor, and 

2. subsequent to providing said increase, 
a decrease in the magnitude of said cur- 
rent; and 

e. an oscillator for providing the phase-locked 
loop output signal responsive to the filter out- 
put signal. 

10. The phase-locked loop of claim 9 wherein the in- 
crease and decrease in the magnitude of said 
current are equal. 

11. The phase-locked loop of claim 9 wherein the va- 
riable current source provides a decrease in the 
magnitude of said current responsive to a de- 
crease in phase error detected by the phase de- 
tector. 

12. The phase-locked loop of claim 9 further com- 
prising a divider circuit, coupled between the 
phase detector and the oscillator, for dividing the 
frequency of the phase-locked loop output signal 
by a predetermined number. 

13. The phase-locked loop of claim 12 filter compris- 
ing a reference signal divider circuit, coupled to 
the phase detector, for dividing the frequency of 
the reference signal by a predetermined number. 

14. The phase-locked loop of claim 13 wherein each 
of the divider circuits is independently program- 
mable to allow selection of the predetermined 
numbers. 

15. The phase-locked loop of claim 9 wherein the 
phase detector comprises a phase-frequency de- 
tector. 



The adaptive charge pump of claim 7 wherein the 
magnitude of the first current is substantially ten 
times the magnitude of the second current 
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A phase-locked loop comprising: 

a. a phase detector for sensing a phase error 
between a reference signal and an output sig- 
nal of the phase-locked loop; 

b. a loop filter, the loop filter for receiving a 
current having a magnitude and for providing 
a filter output signal; 

c. a variation sensorfor determining when the 
magnitude of current received by the loop fil- 
ter should be increased, the determination to 
increase the magnitude of current based on a 
phase error sensed by the phase detector; 
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© Adaptive charge pump for phase-locked loops. 

© A method and apparatus for improving the performance of a phase-locked loop (50) are disclosed A 
phase error between two signals (U {N ,Uom) is sensed (in 100) and a temporary increase in the band width 
of the phase-locked loop is provided responsive to the sensed phase error. The phase-locked loop may 
comprise a charge pump (200) and the temporary increase in the bandwidth of the phase-locked loop 
may comprise a temporary increase in charge pump current. An increase in phase-locked loop 
band-width is followed by a decrease in the bandwidth responsive to a decrease in phase error. The 
decrease in bandwidth may comprise a decrease in charge pump current 
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